The changes of iron metabolism in women during pregnancy are a public health issue. The objective of this study was to evaluate and compare the iron metabolism of adolescents and adult women during pregnancy of Abidjan (Côte d'Ivoire). In health centers of Abidjan, 112 adolescents and 419 adult women were selected and followed during the three trimesters of pregnancy.In each of these women, a blood sample was taken fasting in the morning in tubes with anticoagulant and in dry tubes. Haematological parameters were determined with blood samples in tubes with anticoagulant. Those contained in dry tubes were centrifuged and the serum obtained was used to measure biochemical parameters related to iron metabolism by colorimetric and immunoturbidimetric methods.The results of the study were reported that several haematological and biochemical parameters were modified during pregnancy in adolescents and adult women. Adult women were shown the most altered parameters. In this sense, 81.4 % of adult women against 67.9 % of adolescents were affected by anaemia. These adult women were reported t inflammatory anaemia and iron deficiency associated with inflammatory anaemia. For components of iron metabolism, adolescents during pregnancy were more affected than adult women. In this context, they observed more iron deficiency and iron deficiency anemia compared with adult women. Our study should be encouraged to perform a biological monitoring of Adolescent Women in pregnancy.
Introduction
The Millennium Development Goals (MDGs) devote part to the mother and the child. Thus, investigations shall be granted for improving the welfare and well being of these groups of the population. Among undertaken works to control and monitor the health status of women of reproductive age, there is the iron status (WHO, 2000) . Iron is a micronutrient whose coverage of the needs within the human species is a problem (DeMaeyer and Adiels-Tegman, 1985, Zimmermann and Hurrell, 2007) . Iron is a key component of hemoglobin and myoglobin which transport gases in organism. This micronutrient is also an essential element of many enzymes that carry out oxidation-reduction reactions necessary to generate energy and produce various metabolic for host defense (Ganz, 2006; Anderson et al., 2007; Ganz, 2007) .
This major public health issue affects for the highest degree the women of reproductive age including women during pregnancy. Iron requirements during pregnancy are increased due to physiological changes. When these iron requests are not covered, iron deficiency anemia would result (Gambling et al., 2001) . Several studies conducted in Côte d'Ivoire have highlighted the vulnerability of women during pregnancy to degradation of iron metabolism. Adults and adolescents have seriously altered iron status (Asobayire et al., 2001; Bléyéré et al, 2007; Bléyéré et al, 2013a and b) . During pregnancy this iron imbalance causes dramatic consequences for women and the fetus (Allen, 2000) . However, no study in Côte d'Ivoire has not reported accurately which of the two groups of women is more exposed to the alteration of iron metabolism. Adolescents are a group of children whose health is a priority of public health in our country. These subjects show real growth difficulties of organism (Moran, 2007a and b) . These challenges can be summarized as major micronutrient deficiencies that have adolescents (Atto et al., 2013) . This study therefore, aims to compare iron status in adolescents and adult women. Specifically, the work assesses the potential changes in haematological and biochemical parameters related to iron metabolism in adult women and adolescent during pregnancy. This investigation reports the various prevalences of anemia and iron metabolism components during pregnancy. Furthermore, this study reveals the group of subjects most exposed to the alteration of iron metabolism throughout pregnancy.
Materials And Methods

Design and Characteristics of Study Subjects
The investigation was a longitudinal and descriptive study with analytical components. Subjects in this study aged 15 to 43 years, were recruited January 2006 to January 2008 in 4 urban community health centers, of Abidjan (Côte d'Ivoire). These are urban and health centers of south Abobo, south Cocody, urban community health centers "Les Hortensias" of Port-Bouet and Municipal Hospital of Port-Bouet. A total of 531 pregnant women in consultation in these four health centers were selected based on clinical data to exclude those with complications of hypertension, diabetes and rheumatism. This group of volunteer women in reproductive age was divided into 2 groups with 112 of Adolescents and 419 of adult women. This study population was followed from first trimester to third trimester of pregnancy.
Adolescent population had an average age of 17.6 ± 0.1 years and adult women of 27.1 ± 0.2 years. Mean number of these subjects' pregnancy was 3 ± 0.2 in adolescents and 3 ± 0.2 in adult women. Only the current pregnancy was taken into account in this study. The means of parity space between the last two pregnancies were respectively (0.6 ± 0.1 and 1.5 ± 0.1) and (17.8 ± 2 months and 24.1 ± 1.4 months). The adult women was obtained during 3 trimesters of pregnancy respectively 22.8 ± 0.2 kg.m -2 , 23.7 ± 0.2 kg.m -2 , 24.8 ± 0.2 kg.m -2 . In pregnant adolescents, the mean values of body mass index were respectively 21.5 ± 0.4 kg.m -2 , 24.2 ± 0.4 kg.m -2 and 26.1 ± 0.4 kg.m -2 in first, second and third trimesters of pregnancy. The proportions of underweight and overweight during pregnancy in various subjects of study were summarized in table 1.
Blood Samples and assays of biological parameters
In each pregnant woman a blood sample was collected by venipuncture on a dry and EDTA tubes of five ml. Blood sampling was performed on fasting in elbow in morning and during each trimester of pregnancy (between 8 and 15 weeks of pregnancy in the first trimester, between 16 and 28 weeks of pregnancy for the second trimester and between 28 and 36 weeks for the last trimester of pregnancy). Haematological parameters were immediately measured on samples collected in EDTA tubes by a haematological analyzer "Sysmex automatic Poch-100i" (1-5-1 Wakinohama-Kaigandori, Chuo-Ku, Kobe 651-0073, Japan). Samples collected in dry tubes were centrifuged at 3000 tours/min during five minutes and the serum was used for the determination of biochemical parameters.
Iron concentrations were determined by the colorimetric method from kit "Iron FerroZine". The rates of transferrin and ferritin were estimated by immunoturbidimetric method according respectively to kits "Transferrin Immunoturbidimetric" and "Ferritin Turbilatex." The reagents of such analyzes have been provided by Spinreact SA company (Ctra-Santa Coloma, Spain). LisaBio 300 (Hycel group, Pouilly en Auxois, France) allowed the reading values serum iron, transferrin and ferritin. Each assay of blood sample from same sample was performed twice to minimize potential manipulation errors. The obtained mean of these two values was used.
Total iron binding capacity (TIBC), saturation coefficients of transferrin (SCT) and iron stores have been obtained by calculations as follows: TIBC (µmol/l) = 25. Serum transferrin (g/l) (Vernet et al., 2001) . SCT (%) = [100. Serum iron (µmol/l)]/TIBC (µmol/l) (Vernet et al., 2001 ).
Assessment of biological parameters and Statistical design
The results of study are expressed as averages associated with standard errors of mean ( The STUDENT test was used to compare the means of biological parameters between pregnant adolescents and pregnant adult women. These statistical analyzes were performed by computer program Statistica Statsoft Windows version 7.1 (Statsoft, 2005) . For comparisons of various obtained proportions, Loglikelihood ratio test (Test "G") was conducted by statistical software "R" Windows version 2.0.1 (Ihaka and Gentleman, 1996) . A value of p < 0.05 was considered as indicative of significance.
Experimental procedures and protocols used in this study were approved by ethical committee of Health Sciences, Nangui Abrogoua University. These guide lines were in accordance with the internationally accepted principles for laboratory use and care. Approval was also obtained from the Ministry of Higher Education and Scientific Research and the Ministry of Health and Public Hygiene in the Republic of Côte d'Ivoire.
Results
The main finding of study were revealed that during the 3 trimesters of pregnant, serum iron and saturation coefficient of transferrin were more increased in adult women compared with pregnant adolescents. The other determined biological parameters were not shown difference statistically significant between the 2 groups of pregnant women ( Figures  1, 2 and 3) . Moreover, during pregnancy MCHC and serum transferrin were indicated normal mean values and serum ferritin only the 2 first trimesters of pregnancy. However, the other haematological parameters, serum iron and serum ferritin were more disrupted to the last trimester of pregnancy.
The observed prevalence of anaemia was only significant to the first trimester of pregnant between adolescents and adult women. To this stage of pregnant, adult women (81.4 %) were more anaemic beside adolescents (67.9 %). The proportions of hemodilution, microcytosis and hypochromia were not different between the 2 groups of pregnant women (Table 2) .
Furthermore, all adolescent were reported values below standard for serum iron (100 %) and saturation coefficient of transferrin (99.1 %). No difference during pregnancy was observed for iron stores between pregnant adolescents and pregnant adult women (Table 3) .
The results of study were indicated that the components of iron status were included normal iron status, iron deficiency, iron deficiency anaemia, inflammatory anaemia and iron deficiency associated with inflammatory anaemia. In the same way, very few women were recorded a normal iron status to the first trimesters of pregnancy, adolescents were the most affected. Thus, all subjects of this study (100 %) were reported an abnormal iron status to the third of pregnancy. For this abnormal status, pregnant adolescents were more indicated iron deficiency and iron deficiency anaemia compared with adult women. However, inflammatory anaemia and iron deficiency associated inflammatory anaemia were more observed in adult women compared with adolescents (Table 4) .
Discussion
This study of comparison between adolescent and adult women during pregnancy reveals that all evaluation biological parameters of iron metabolism are altered. This alteration relates haematological and biochemical indicators throughout the pregnancy. Changes in these parameters leads to highly elevated prevalence rate of anemia and abnormal iron status among adolescent and adult women during pregnancy. Anaemia is increased during the pregnancy in these two groups of women.
Previous studies are reported that women in Côte d'Ivoire are more anaemic during pregnancy (Bléyéré et al., 2007 and Yapo et al., 2008) .
All subjects of this investigation are affected but adolescents are more affected by iron alteration. Bléyéré et al (2013a and b) are shown that adolescents during pregnancy are exposed to degradation of iron metabolism. Through their works, adolescents are indicated a profound depletion of iron stores, a main reason for the degradation of iron metabolism in these subjects. This is in accordance of this study and for this reason adolescents show high prevalences of iron deficiency and iron deficiency anaemia throughout pregnancy. In addition, the same observation was made in Kenya with adolescents during pregnancy (Leenstra et al., 2004) . Iron stores are decreased during in adolescents for several reasons. The first reason is the observed physiological modifications during the pregnancy. Iron requirements during pregnancy are increased. These needs should be performed by a balance between food intake and the demands of pregnancy. But the general observation is that there is an imbalance between these two elements (Creed-Kanashiro et al., 2000) .
The second reason for depletion of iron stores is related to the diet of women in development countries which lacks bioavailable iron. The diet of Nigerian women is poor in iron during pregnancy (Oguntona et al., 2002 , FAO, 2005 . The third risk factor associated with decreased iron stores is the physiology of growth in adolescents. Adolescence is the last period of childhood during which the body continues to grow. This physiological growth involving teenage completion with the fetus during pregnancy could explain the collapse of the iron reserves (WHO, 2003) . The last probable reason for the degradation of iron metabolism in adolescents could be confounding factors. In developing countries, infectious syndromes are recurrent. They combine the parasitosis (malaria, gastrointestinal parasitosis ...), bacterial and viral infections (Fuseini et al., 2010) . In addition, hemoglobinopathies are also a reason for the change of iron stores (Moran, 2007a and b) . This combination of factors helps the alteration of iron metabolism in the components with iron deficiency and iron deficiency anaemia among adolescent.
Furthermore, adult women are also affected by an alteration of iron metabolism. Adult women are mostly affected by the inflammatory anaemia and iron deficiency associated with inflammatory anaemia. Several studies have reported that women during pregnancy are confronted with degradation of iron status. The factors responsible for this change of iron metabolism in adult women during pregnancy are related to nutrition, infectious and inflammatory diseases and even pregnancy (WHO/FAO, 2004). N: Total number of each subject group, n: Number of observed subjects in each group, a: Mean value ± Erreur standard of mean, Number of observed subjects in each group and proportions during the three trimesters of pregnancy.
H a e m a t o l o g i c a l a n d b i o c h e m i c a l p a r a m e t e r s f o r f i r s t t r i m
H a e m a t o lo g ic a l a n d b io c h e m ic a l p a r a m e t e r s f o r s e c o n d t r im e s t e r
Mean values (c) n: Number of observed subjects in each group; a: Haemotological reference parameters according to French Society of haematology (FSH, 2006) ; b: for these two haematological parameters, the reference values were defined according to the stage of pregnancy to obtain prevalences of types' anaemia and hemodilution; hemoglobin levels are similar in the first and third trimesters of pregnancy, it is the same for hematocrit. MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, *: Difference statistically significant for p < 0.05. n: Number of observed subjects in each group; TIBC: Total iron binding capacity, SCT: Saturation coefficient of transferring; *: Difference statistically significant for p < 0.05, **: Difference statistically significant for p < 0.01, ***: Difference statistically significant for p < 0.001, α: the proportions of various biochemical parameters were defined according to established references (Rymer, 1996; Vernet et al., 2001 ). 
Conclusion
The comparative study of iron metabolism between adolescent and adult women shows that groups of women of reproductive age have a most altered iron status. All laboratory parameters (haematology and biochemistry) are modified throughout pregnancy. Adult women are more anaemic than adolescents during pregnancy. These adult women have an inflammatory anaemia and iron deficiency associated with inflammatory anaemia.
However, the assessment of all biological parameters of iron metabolism reveals that adolescents report an iron status significantly more abnormal than adult women. Adolescents in our study report an iron deficiency and iron deficiency anaemia.
Pregnancy is a physiological condition that deserves sufficient attention in women of reproductive age. With regard to our study, it is important to indicate full biological monitoring of adolescents throughout pregnancy. Thus, the objectives of the Millennium Development Goals could be achieved.
